Owing to widespread applications, synthesis and characteri zation of silver nanoparticles is recently attracting considerable attention. Increasing environmental concerns over chemical synthesis routes have resulted in attempts to develop biomimetic approaches. One of them is synthesis using plant parts, which eliminates the elaborate process of maintaining the microbial culture and often found to be kinetically favorable than other bioprocesses.
INTRODUCTION
Recently, synthesis of silver nanoparticles has attracted consi derable attention owing to their diverse properties like catalysis magnetic and optical polarizability, 1 electrical conductivity, 2 antimicrobial activity 3 and surface enhanced raman scattering (SERS). 4 A number of synthesis techniques have been developed including chemical reduction of silver ions in aqueous solu tions, with or without stabilizing agents, 5 thermal decom position in organic solvents 6 and chemical and photo reduction in reverse micelles, 7, 8 to name a few. Most of these methods are extremely expensive and they also involve the use of toxic, hazardous chemicals which may pose potential environmental and biological risks. The need for an environmentally sustainable synthesis process has led to the development of some biomimetic approaches. Biomimetics refers to mimicry or imitation of a process. One of the fundamental processes in the biomimetic syn thesis involves bio reduction. Recently, a number of inorganic nanomaterials have been synthesized by bioreduction processes employing different microorganisms. Nanocrystals of gold, silver and their alloys have been synthesized within cells of lactic acid bacteria. 9 But the plantmediated silver nanoproduct is a relatively newer concept. In this race of AgNP preparation utilizing plants/parts of plants could prove advantageous over other biological processes by eliminating the elaborate process of maintaining the microbial culture and is widely acceptable technology. Existing literature also reports successful synthesis of silver nanoparticles through a green route where the reducing and capping agent selected was the latex obtained from Jatropha curcas. 10 Silver nanoparticles were also obtained using aloe vera, 11 acalypha indica, 12 garcinia mangostana 13 leaf extracts.
Crataegus douglasii fruit extract 14 as well as aquous extract of leaves of ocimum sanctum. 15, 16 Here we have developed a rapid, eco-friendly and convenient green method for the synthesis of AgNPs from silver nitrate using leaf extracts of Indian medicinal plant, Ocimum sanctum (Tulsi), by microwave irradiation method.
MATERIALS AND METHODS

Preparation of Leaf Extracts Ocimum Sanctum (Tulsi)
The fresh Tulsi leaves were collected from MGMIHS university area and washed with water to remove mud and dust particles. Twenty-five grams of Tulsi leaves was added to100 ml of deionized water and homogenized using a mortar and pestle. The mixture was then boiled at 95°C for 1 hour in a water bath. The mixture was filtered through a Whatman No. 1 filter paper (25 μm). The resulting leaf extract was then stored in refrigerator for further use.
Synthesis of AgNP and Evaluation of Reducing Potential of the Extract
In a typical microwave synthesis, 15 ml Tulsi leaf extract was allowed to interact with 85 ml of 0.001 M AgNO 3 . It was then placed in a domestic microwave oven (BPL-SANYO BMO-700 TS operating at a power of 1.2 kW and frequency 2450 MHz). The solution was then subjected to microwave heating for 80 seconds. The change of color from light yellow solution to brown solution indicated the formation of silver nanoparticles.
Analysis of Bioreduced Silver Nanoparticles
UV-Vis Spectroscopy
UV-visible spectra were recorded on Shimadzu's UV-Visible Spectrophotometer from 200 to 600 nm. Cuvette of path length 10 mm was used. The measurements were carried out as a function of reaction time at room temperature. The distilled deionized water, adjusted extracts, zero reaction mixture and silver nitrate of 0.01M volume adjusted was used as control to minimize any technical errors.
Scanning Electron Microscopy
Each of the colloidal solution containing AgNPs were centri fuged at 5,000 rpm for 20 minutes and the resulting suspension was redispersed in 10 ml sterile distilled water. The centrifuging and redispersing process was repeated three times. The supernatants were discarded and the final pellets were dissolved in 0.1 ml of deionized water. The pellet was mixed properly and carefully placed on a glass cover slip followed by air-drying. The cover slip itself was used to obtained images of synthesized AgNPs for size and shape determination using the field emission gun-scanning electron microscope (JSM-7600F resolution: 1.0 nm (15 kV), 1.5 nm (1kV); magnification: ×25 to 1,000,000).
RESULT AND DISCUSSION
Formation of AgNPs by reduction of silver nitrate during exposure to Tulsi leaf extract can be easily monitored from the change in color of the reaction mixture. On adding the aqueous extract of tulsi to AgNO 3 solution, the color of their action medium changed rapidly from yellow to brown. The appearance of these colors was due to the excitation of surface plasmon vibrations; typical of silver nanoparticles. 17 The change in color of the reaction mixture within 2 to 3 minutes was obtained, which indicated the formation of AgNPs ( Figs 1A and B) . This formation indicates that silver ions in reaction medium have been converted to elemental silver having the size of nanometric range. In this study, the formation of silver nanoparticles was initially confirmed using surface plasmon resonance (SPR) phenomenon. For silver nanoparticles, Kmax values were reported in the visible range of 400 to 500 nm.
18 Figure 2 shows UV-Vis absorption spectrum of silver nanoparticles. Though the plasmon band is broad due to the presence of components in Tulsi extract which are also being read in the spectrophotometric range, it is observed that the silver SPR occurs at 441 nm. There is no change in peak position, suggesting that nucleation of silver nanoparticles starts with initiation of reaction time only, and the size remains unchanged throughout the course of reaction. 19 In the present study, SPR band reveals spherical shape of silver nanoparticles, which was further confirmed by SEM. Field emission gun-scanning electron microscope results were commensurate with the UV-Visible spectro photo metric analysis. SEM studies were carried out to visualize the size and shape of the AgNPs. Figure 3 shows typical bright field SEM micrograph of the synthesized AgNPs. It was observed that AgNPs were circular or spherical in shape with maxi mum particles in size range within 20 to 40 nm. An agglomerated silver nanoparticles were observed in many places, thereby indicating possible sedimentation at a later time ( Figs 3A and B) .
When the metal nanoparticles form in solution, they must be stabilized against the Van der Waals force that may cause coagulation. The stabilization may occur in a number of ways: physisorbed, surfactant and polymers may create steric or electrostatic barriers or purely electrostatic barriers around the particle surface. 20, 21 In many cases, the distinc tion between chemical adsorption (involving direct covalent bonding with the surface metal atoms) and more subtle electrostatic mechanisms (e.g. charge-induced dipole mechanisms and dispersion force mechanisms) is largely a matter of degree. From the present study, it can be stated that microwave irradiation can be an efficient and simple way of producing AgNPs through biological method. More than 90% of the reaction is complete within 2 to 3 minutes of their action time. Generally, biosynthetic methods are considered as time consuming when compared with chemical methods.
To the best of our knowledge, reaction time of at least 10 to 12 hours is required in plant-mediated nanomaterials synthesis. However, the time consumed in the present study for the reaction to complete is several fold lesser than reported. Such alacrity in reaction time can be the outcome of microwave irradiation of the tulsi extract, which makes the reaction much more efficient than others.
CONCLUSION
The major conclusions drawn from the above study were the following: 1. Formation of AgNPs by reduction of silver nitrate during exposure to tulsi leaf extract can be easily monitored from the change in color of the reaction mixture. Silver nanoparticles bear a characteristic by brown color due to the excitation of surface plasmon vibrations. 2. In a short interaction time of few minutes, highly monodisperse AgNPs silver nanoparticles are synthesized in a range between 20 and 40 nm-size with nearly spherical shape was produced using microwave irradiation. With increasing interaction time (ageing), the aggregation and shape anisotropy of the particles increased.
3. The particles have shown to remain stable for over 3 months.
4. As observed UV-Visible spectrophotometric analysis, bio-organic components from the tulsi extract acted as probable stabilizer for the silver nanoparticles.
In a biological process, fine tuning the process parameters may give products with typical physical characteristics. A detailed study on the mechanistic aspects of the process, i.e. characterizing the reducing and stabilizing contents from the extract is underway.
ACKNOWLEDGMENT
The authors thank and deeply appreciate the research supported by MGMIHS and wish to acknowledge IIT SAIF Facility, Mumbai for carrying out SEM analysis on silver nanoparticles.
